Background/Aims: The tuberculin skin test (TST) and interferon γ release assay are currently used as diagnostic tools to detect latent tuberculosis (TB) infection; however, there are inconsistencies about the degree of agreement between the tests. We aimed to evaluate the concordance rate between the two tests in household contacts of a country with intermediate TB burden, where most people were vaccinated. Methods: We recruited household contacts who spent > 8 hours daily with patients with microbiologically confirmed active pulmonary TB, and received both TST and T-SPOT.TB (Oxford Immunotec) simultaneously. The degree of agreement was analysed according to TST cutoff and Bacille Calmette-Guerin (BCG) vaccination status. Relevant factors were analysed to establish the association with TST or T-SPOT.TB. Results: Among 298 household contacts, 122 (40.9%) were spouses, and 250 (83.9%) had received BCG vaccination. In the contact sources, 117 (39.3%) showed a positive result for acid-fast bacillus (AFB) sputum smear and 109 (36.6%) had cavities. The highest agreement rate of 69.5% and κ value of 0.378 were found with a 10 mm cutoff. Spouse, time interval from TB diagnosis to test, and AFB sputum smear positivity were significantly associated with a positive result for T-SPOT.TB. Sex, BCG vaccination, and cavity on chest computed tomography were related to TST positivity. Conclusions: The present study suggested it was not possible for TST and T-SPOT.TB to replace each other because of considerable discrepancy between the two tests in household contacts in a country with intermediate TB prevalence.
INTRODUCTION
Subjects with latent tuberculosis infection (LTBI) are defined as those who have a positive result for the tuberculin skin test (TST) or interferon γ release assay (IGRA), but normal findings on chest X-ray without symptoms or signs of active pulmonary tuberculosis (TB) [1] . People who have made contact with patients with active pulmonary TB within 2 years are considered to be a high-risk group for progression to TB from LTBI and are recommended to undertake a TST or IGRA for chemoprophylaxis [2] .
www.kjim.org https://doi.org/10.3904/kjim.2015. 344 TST is conventionally performed as a standard diagnostic tool to reveal LTBI [3] . However, it has the disadvantage of a high number of false-positive results, especially in cases who have received Bacille Calmette-Guerin (BCG) vaccination, or who are infected with nontuberculous mycobacteria [4] . IGRA was recently developed to overcome the limitation of TST and is expected to be more useful [5] . Recent studies showed the superiority of IGRA to TST with regard to diagnostic specificity in subjects with BCG vaccination [5] [6] [7] [8] .
For that reason, IGRA is recommended as an alternative test to TST and is preferred for people with BCG vaccination [1, 9, 10] . Most of these results were reported in countries with a low prevalence of TB and with different BCG vaccination states.
Different risks of infection have been found even among close contacts, and household contacts are considered to have a closer relationship with LTBI than general close contacts [11, 12] . However, few studies were conducted with homogenous household contacts only. In addition, the time interval between TST and IGRA in previous studies varied [10, 13] . There is a need to perform a study in a homogeneous population using more specific criteria.
This study aimed to determine the degree of agreement between TST and IGRA when they were performed simultaneously on household contacts in a country with intermediate prevalence of TB and a high rate of BCG vaccination.
METHODS

Study population and design
The present study was conducted retrospectively in a single tertiary teaching hospital from January 2011 to December 2014. We collected all the data from a cohort of subjects with LTBI during public-private mixed project. Over a 4-year period, T-SPOT.TB (Oxford Immunotec, Abingdon, UK) was simultaneously performed with TST on close contacts. Interpreters of both tests belonged to different departments and were blinded to each other. Close contacts who were diagnosed with active pulmonary TB during the screening test, or who had last contact with active TB > 2 years ago, were not included. We enrolled only household contacts who spent > 8 hours daily together and cohabited for the last 3 months or longer with contact sources with microbiologically confirmed TB. Finally, 298 household contacts were selected for analysis.
Baseline characteristics were determined by interviewing the selected subjects and their contact sources. For the household contacts, age, sex, relationship to the contact source, time interval from the day of diagnosis of pulmonary TB to the day of screening test for LTBI, BCG vaccination, previous TB and medical history, and use of immunosuppressants were documented. The criteria of BCG vaccinated subjects were those who had a history of BCG vaccination and BCG scar. For contact sources, information on drug sensitivity, positivity of acid-fast bacillus (AFB) smear staining, cough, and pulmonary cavity were recorded. Results of AFB smear staining were reported according to the Centers for Disease Control guidelines [14] . Positivity of AFB smear was defined as ≥ 1+ of staining intensity. Cough was described by a pulmonologist if contact sources complained cough at the time of diagnosis of pulmonary TB. Cavity diagnosis was confirmed by radiology specialists with chest computed tomography (CT).
TST and T-SPOT.TB
TST and T-SPOT.TB were conducted simultaneously to exclude the booster effect of purified protein derivative (PPD) injection on IGRA [15] [16] [17] . TST was performed by intradermal injection of Tuberculin PPD RT23 SSI, 2 TU (Statens Serum Institute, Copenhagen, Denmark). Every reading of skin induration was carried out 48 to 72 hours after PPD injection in an outpatient clinic of pulmonologist. T-SPOT.TB was conducted with the TB-specific antigens early secretory antigenic target 6-kDa protein and culture filtrate protein 10. Borderline results were classified as negative because of the uncertain likelihood of TB infection [1] .
Assessment of clinical outcomes
The primary objective was to reveal the rate of concordance between TST and T-SPOT.TB. We conducted subgroup analyses to clarify the effect of BCG vaccination on the rate of concordance between the two tests. 
Statistics
Frequency and descriptive statistics analyses were used to present baseline characteristics. Binary variables were analysed with Pearson chi-square test, and ternary or quaternary variables were analysed according to linear by linear association test of trend. Univariate and adjusted multivariate analyses of risk factors for positivity of TST or T-SPOT.TB were performed according to the logistic regression model. The degree of concordance between TST and T-SPOT.TB was presented with Cohen's κ coefficient. SPSS version 19.0 (IBM Co., Armonk, NY, USA) was used for all analyses and p < 0.05 was considered statistically significant.
Ethics
The Institutional Review Board Committee of Seoul National University Bundang Hospital approved the present retrospective study and waived the need for informed consent for the access to electric medical records (IRB No. B-1412/280-107).
RESULTS
Baseline characteristics of the study population
Among the 298 household contacts, 105 (35.2%) were male, the median age was 49, and 122 (40.9%) were spouses ( Table 1 ). The total BCG vaccination rate was 83.9%, which was lower than expected because half of elderly people aged > 65 years had not received BCG vaccination. The mean time interval from the day of diagnosis of pulmonary TB to the day of screening test for LTBI was 32.1 days. The survey of underlying chronic diseases revealed that 19 had diabetes mellitus, 13 had cancer, seven had liver disease, and one had rheumatoid arthritis without immunosuppression. There was no household contact with chronic kidney disease, connective tissue disease, or human immunodeficiency virus infection. Among the contact sources, 117 (39.3%) showed a positive result for AFB sputum smear, and 160 (53.7%) had cough ( Table 2) . One hundred and nine contact sources (36.6%) had one or more cavities on chest CT. 
Positivity rate of TST and T-SPOT.TB and concordance between the tests
Positive results for T-SPOT.TB were found in 110 contacts (36.9%). The induration sizes of TST were classified as follows: ≥ 5 mm in 202 (67.8%), ≥ 10 mm in 139 (46.6%), and ≥ 15 mm in 69 (23.2%). Among those with positive results for T-SPOT.TB, 91 (82.7%), 79 (71.8%), and 44 (40.0%) had induration ≥ 5, ≥ 10, and ≥ 15 mm, respectively ( Fig. 1) . The highest positivity rate (63.8%) for T-SPOT.TB was found in the TST-positive group with a 15-mm cutoff. The analysis on the concordance rate between TST and T-SPOT.TB revealed a higher agreement rate and κ value in the TST group with a 10-mm cutoff (agreement rate 69.5% and κ = 0.378) ( Table  3 ). The highest concordance rate was found in the contacts with TST induration ≥ 10 mm who were not vaccinated with BCG (agreement rate 72.9% and κ = 0.422, moderate agreement).
Analysis of association between TST or T-SPOT.TB and risk factors
T-SPOT.TB demonstrated a positive correlation with ageing and spouse ( Table 4) . Positivity of sputum AFB smear staining and time interval from the day of TB diagnosis to the day of LTBI screening test were significantly related to positivity for T-SPOT.TB. Positive results for TST were associated with male sex and BCG vaccination. The presence of chest cavities on CT was correlated with positive TST results. Cough did not have any significant association with TST or T-SPOT.TB. Adjusted multivariate analysis revealed that age, spouse, time interval from TB diagnosis to LTBI screening, and positivity of AFB smear staining were significantly related to positive T-SPOT.TB results (Tables 5 and 6 ). We also discovered significant positive correlations between TST results and male sex, BCG vaccination, and chest cavities on CT.
DISCUSSION
We confirmed that household contacts had a higher rate of LTBI, and lower agreement rate and κ value than overall close contacts of the similar population [11] . The highest agreement was found in the contacts without BCG vaccination and with a 10-mm cutoff for TST. While TST was associated with sex and BCG vaccination, T-SPOT.TB was related to factors, such as spouse and positivity of AFB smear which implies the degree of infectivity in the contact sources. Considering the association between positive T-SPOT.TB results and the degree of infectivity, our study suggests that T-SPOT.TB is a more accurate tool than TST for diagnosis of LTBI. The
The present study had several distinctive features compared with previous studies. First, we analysed only household contacts, which was a more homogeneous population. Second, we included only contact sources with microbiologically proven, definitive TB. Third, most household contacts had prior BCG vaccination.
Several studies have revealed the factors affecting the rate of agreement between TST and IGRA. First, the degree of risk for LTBI could influence the concordance rate between the two tests. Overall agreement was 98.2% and a high concordance was reported in the low-risk population [18] . In the close contacts, however, the disagreement rate was about 10% between TST and IGRA, regardless of BCG vaccination [19, 20] . Second, the agreement rates differed among the countries with different TB prevalence and BCG vaccination rates. The agreement rate in close contacts was > 80% in countries with a low prevalence of TB [21] . However, populations from countries with high TB prevalence and a high rate of BCG vaccination had a lower agreement rate of 64% with a κ value of 0.33 [13] . A study from South Korea, a country with intermediate TB prevalence and a high rate of BCG vaccination, showed an agreement rate of 70.4% and κ value of 0.39, which were around the middle of the values in high and low-prevalence countries [11] . Third, cutoff of TST could also be a factor affecting the degree of agreement. A cutoff of 10-or 15-mm showed better concordance than a 5-mm cutoff [21] [22] [23] . In the present study, we included household contacts, known high-risk factors, in a country with intermediate prevalence of TB and a high rate of BCG vaccination, and used various cutoffs of TST.
For those in close contact with active TB, TST using a 5-mm cutoff was accepted as diagnostic in North America, because being a close contact is one of the highest risk factors for LTBI and progression to active TB [2] . However, a 5-mm cutoff tended to show lower agreement with IGRA than a 10-mm cutoff [21, 22, 24] . Another study showed an even higher agreement rate and κ value between TST and IGRA with a 15-mm cutoff for TST in adults in a low-TB prevalence country and in children [22, 23] . In the present study, a 15-mm cutoff for TST showed the same agreement rate as a 10-mm cutoff; however, the κ value was lower than for a 10-mm cutoff. The extent of disagreement was reviewed, and more false-positive results were assumed for the 10-mm cutoff, and more false-negative results for 15 mm.
In countries with moderate TB prevalence, a 10-mm cutoff would be the best way to minimise missed LTBI. BCG vaccination was related to TST positivity in adjusted multivariable analysis in the present study. Although BCG in infancy is known to have little effect on TST after 10 years of vaccination, BCG received after infancy does affect TST results [25] . The proportion of BCG vaccinations after infancy and the percentage of patients with booster vaccinations might contribute to the different degrees of concordance between the three cutoffs of TST and BCG vaccination.
Ageing influences the results of both TST and IGRA [26] [27] [28] . The present study showed that positivity for T-SPOT.TB increased with ageing. This phenomenon could be explained by accumulation of contact events with TB. In contrast, TST positivity was highest from 35 to 50 years of age and decreased with ageing, which was a similar trend to previous studies [11, 22] . If booster vaccination is not given to older-age household contacts, the effect of BCG vaccination on TST may diminish as baseline interferon γ level decreases with ageing [29, 30] .
The present study is believed to be the first to show that being a spouse has a significant association with T-SPOT.TB positivity. Spouses are generally considered to have closer physical contact with patients than other individuals. This finding indicates the degree of intimacy between the contact and patient is as important as the duration of contact.
The indicators of infectivity from contact sources increased the positive rate of TST and T-SPOT.TB. The positivity of AFB smear staining had a strong correlation with positive T-SPOT.TB results. TST response had no relationship with smear positivity which could be explained by other confounding factors such as BCG vaccination or non-tuberculous mycobacterial infection [3] . The presence of pulmonary cavities was significantly related only to TST positivity. All the cavities were detected by chest CT, which included even tiny cavities, of which thickness and distance to airway may not influence infectivity [31] . The number of cavities without infectivity may affect the correlation between cavities and positive T-SPOT.TB results. However, it is not a complete hypothesis because we cannot explain why cavities without infectivity do not affect TST positivity. Also, cough was not associated with positive results for either test. We suggest that some patients with cough may have been missed, because their medical records depend greatly on patients' statements and memories. This hypothesis is supported by the fact that the frequency of cough in source patients was only 53.7%, even though all of them had microbiologically confirmed pulmonary TB.
The present study has several limitations. First, it is recommended to recheck TST or IGRA in close contacts after 8 to 10 weeks when the first result is negative [1] . In this study, only a single TST and T-SPOT. TB was conducted simultaneously. The conversion rate of initial negative results is unknown. Second, we could not exclude the possibility that some close contacts had BCG vaccinations twice. For this reason, we could not clearly determine whether BCG vaccination in infancy really did not affect the results of TST in adults. Third, multivariate analysis yielded a positive association between male sex and TST results. A higher prevalence of LTBI in male subjects has been previously reported [11, 21, 24, 32] . Although IGRA also showed significant association with sex in a recent study, it was disappeared after adjusted analysis by clinical factors including smoking status, which is concordant with the result of the present study [33] . However, smoking history was not recorded mandatorily in our study and was not available for adjustment of the association between male sex and TST results. Fourth, previous TB infection is known to affect the results of TST or IGRA. However, the present study did not show any such association, and the small number of the study population with previous TB infection could be an explanation.
In conclusion, T-SPOT.TB, but not TST, was independent of BCG vaccination but was affected by the www.kjim.org https://doi.org/10.3904/kjim.2015.344 time interval from diagnosis of TB to performance of the tests. We showed that it is not possible for T-SPOT. TB to replace TST because of the considerable discrepancy between the two tests.
KEY MESSAGE
1. Considerable discrepancy was found between the results of tuberculin skin test (TST) and T-SPOT.TB in household contacts, even in those without Bacille Calmette-Guerin (BCG) vaccination. 2. Induration sizes of ≥ 5, ≥ 10, and ≥ 15 mm were found in 67.8%, 46.6%, and 23.2% of household contacts. TST was significantly associated with sex, history of BCG vaccination, and presence of cavities on chest computed tomography in the household contacts. 3. Positive results for T-SPOT.TB were found in 36.9% of household contacts. T-SPOT.TB positivity had a signif icant relation with family relationship, incubation period, and sputum acid-fast bacillus smear staining in the household contacts.
